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Synthesis of a HDC-GFP Promoter-Gene Fusion as a Tool to Identify
Histaminergic Cells and Examine HDC Regulation
Abstract
The promoter region for the Histidine
decarboxylase gene (pHdc), which is
required for synthesis of the neurotransmitter histamine, has been functionally
identified in Drosophila melanogaster. A
fusion between pHdc and the enhanced
Green Fluorescent Protein (eGFP)
has been made in a plasmid that will
allow generation of transformant flies.
These transgenic flies containing the
pHdc-eGFP gene fusion can be studied
to determine whether the pHdc region
causes expression of enhanced Green
Fluorescent Protein (eGFP) in histaminergic cells. This research will allow
further analysis of the HDC promoter
and be a useful tool for examining the
physiology of histaminergic cells.
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Introduction
Histamine is a biogenic amine involved
in local immune responses, and it acts as
a neurotransmitter (Brown et al., 2001).
Histamine is synthesized by the decarboxylation of the amino acid histidine,
catalyzed by the enzyme histidine
decarboxylase. In the fruitfly Drosophila
melanogaster, histamine is utilized as a
functional neurotransmitter for photoreceptor and mechanosensory cells, but has
also been localized by immunocytochemistry to a few specific cells in the brain
(Pollack and Hofbauer, 1991; Melzig et
al., 1996).
The Hdc gene, which codes for this
enzyme, has been identified and studied
in Drosophila, a model organism wellsuited for genetic studies. Mutations in
the Hdc gene have been isolated which
disrupt function, indicating what the absence of histamine does to the organism.
Hdc mutations cause flies to be functionally blind, in addition to other sensory
alterations (Burg et al., 1993; Melzig
et al., 1996). To further investigate the
regulation of the Hdc gene and how
expression may be altered throughout
development, the Hdc promoter region
was identified through a combination of
sequence analysis, deletion mapping, and
5’ RACE experiments (Sambrook et al.,
1989). Through the analysis of deletions
constructed in the Hdc promoter region,
it was possible to separate the expression
of Hdc in photoreceptors from expression in the brain (Burg and Pak, 1996).
Recent experiments have identified
novel 5’ ends of the Hdc cDNA which
do coincide with the deletion analysis
results, suggesting that the transcriptional
promoter for brain Hdc expression is
unique from the identified photoreceptor
Hdc promoter (M. Burg and S. Smolinski, pers.commun.).
While deletions in a promoter region
can identify regions necessary to guide
expression in various tissue types, they
cannot identify areas that are sufficient
alone for Hdc expression. One method
that has been used extensively in promoter analysis studies in Drosophila
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involves the use of the yeast UAS/GAL4
transcription activation system (Goentoro
et al., 2006). Attempts at using this “reporter” system, using the Hdc promoter
to test whether it is suffiucient for normal
Hdc expression, have recently been
completed. A portion of the Hdc transcriptional promoter was used to direct
expression of GAL4, which then caused
expression of the reporter gene (in this
case GFP) in cells that normally express
HDC (Goentoro et al, 2006). Unfortunately, results obtained were inconsistent
and indicated a potentially more widespread expression pattern of Hdc than
expected. The presence of an inconsistent
expression pattern in the pHdc-GAL4
experiment suggested that another
approach, more resistant to positional effects of the transformation plasmid in the
genome, was needed to clearly identify
HDC-expressing cells.
The pGreenPelican vector system was
chosen as it contains elements (‘gypsy
insulators’; Gdula, 1996) that block the
influence of nearby genes which may
alter or disrupt the expression pattern
caused be the pHdc region (Barolo et al.,
2000). Additionally, the pGreenPelican
vector allows for a direct fusion of pHDC
to the reporter gene, an ‘enhanced’
Green Flourescent Protein (eGFP), allowing pHDC to direct expression of
eGFP as if it were the HDC protein. The
pHdc-eGFP gene fusion created will
be surrounded on either side by these
gypsy insulators, likely increasing the
specificity of pHDC-directed expression
of eGFP. Thus, the newly constructed
pGreenPelican-pHDC plasmid should
ensure that any amount of expression due
to the promoter region will be accurately
indicated through expression of eGFP.
The creation of the pGreenPelican-pHdceGFP plasmids, generated by fusing the
promoter region for HDC (pHDC) directly to the coding region of the enhanced
green fluorescent protein (eGFP) in the
pGreenPelican plasmid, is described in
the following report.
Materials and Methods
Vectors and Constructs: The Histidine decarboxylase (Hdc) gene from
Drosophila was previously isolated and
sequenced from clones isolated from
a Drosophila genomic phage library
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(Burg and Pak, 1995). The gene was
initially cloned into the P-element vector
pCasper3 (Thummel and Pirrotta, 1991).
The pBluescript II sK(+) vector was used
as an intermediate vector to purify the
fragment of the Hdc gene containing the
entire promoter region (Fig. 1). The final
plasmids for transformation were made
using the pGreenPelican plasmid (Barolo
et al., 2000; see Figs. 1, 3, 4).
Standard molecular techniques:
Techniques used to characterize DNA
and clone into bacterial plasmids followed established protocols (Sambrook
et al., 1989). Enzymes were obtained
from either Promega Corporation
(Madison, WI) or New England Biolabs
(Valencia, CA). Purification of DNA
bands by extraction from agarose gels
was accomplished using the QIAquick
Gel Extraction Kit (Qiagen, Inc., Valencia, CA).
DNA ligations and bacterial cell
transformations: Ligations were
performed using New England Biolabs,
Inc., T4 DNA ligase and accompanying
reaction buffer. First, water and DNA
were added and heated for 10 minutes at
42oC to denature cohesive ends. Then,
the mixture was placed in an ice bath for
5 to 10 minutes. After that, the buffer
and enzyme were added and the reaction
was kept at 4oC for 24 hours. After the
reaction was completed, the mixture was
diluted tenfold and used in a standard
bacterial transformation protocol (Sambrook et al., 1989). Bacteria containing
DNA plasmids were then identified,
grown, and plasmid DNA analyzed using
restriction digestion analysis and agarose
electrophoresis (data not shown).
Candidate plasmid clones were purified
and stored for later use.
Results
Subcloning of the pHdc region into the
pBluescript plasmid: A 6517 bp Xba1EcoR1 fragment, containing all of the
Hdc promoter region and a small portion
of the protein coding region, was excised
from Hdc genomic DNA (see Fig. 1A)
and ligated into the pBluescriptIIsK(+)
plasmid digested with both Xba1 and
EcoR1 enzymes. Ligation mixtures were
transformed into bacteria (see "Materials and Methods") and candidate clones
were identified after plasmid DNA was

purified and digested with EcorR1 and
Xba1, which generated two DNA fragments of 2931 and 6517 bp in size (see
Fig. 2; data not shown).
Subcloning of the Xho1-Nco1 pHdc
fragment into the pGreenPelican plasmid:
After selecting the proper plasmid containing the Xba1-EcoR1 6517 bp Hdc genomic fragment (see Fig. 1A and Fig. 2),
it was necessary to grow and purify the
plasmid DNA. The pBluescriptIIsK(+)
pHDC(Xba1-EcoR1) plasmid (see Fig.
2) was subjected to an Xho1, Sal1, and
Nco1 triple digest. The DNA bands were
separated using agarose gel electrophoresis, and the specific Xho1-Nco1 DNA
fragment (2246 bp) containing the most
proximal portion of the Hdc promoter
region was purified (see "Materials and
Methods"). This band contained DNA
only from the Hdc promoter, and was
used to generate the first of two transformation plasmids (see Fig. 3). Next, the
pGreenPelican plasmid needed to be digested in the following manner to allow
ligation of pGreenPelican with the pHdc
Xho1-Nco1 fragment that was purified.
To do this, a ‘partial’ Nco1 digest was
performed, because only one of the two
Nco1 sites, which is located at the beginning of the eGFP gene, in the pGreenPelican plasmid needed to be cut. An
Nco1 fragment of 10020 bp was purified
and digested with Xho1. This allowed the
purification of the appropriate fragment
of the pGreenPelican plasmid (9984 bp),
having a single Nco1 cut at the beginning
of the eGFP gene and an Xho1 cut in
the cloning site. This generated cohesive
DNA ends in the pGeenPelican plasmid
that would ligate with the Hdc promoter
fragment in the proper orientation, keeping intact the pGreenPelican transformation plasmid. The ligation between the
pHdc and pGreenPelican Xho1-Nco1
fragments was performed according
to standard procedures (see "Materials
and Methods"). Verification of the final
ligation product, after purification from
bacteria transformed with the plasmids
(see "Materials and Methods"), was done
with Xho1, Nco1, and Xho1-Nco1 digestions (see Figs. 1C, 3 and 5, lane 2). The
results from this analysis demonstrated
that the expected sized DNA bands were
identified and that this plasmid is now
available for experimental use.
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Generation of the pGreenPelicanpHDC (Xba1-Nco1) plasmid: The first
step in synthesizing the pGreenPelicanpHDC(Xba1-Nco1) plasmid was to
purify an Xba1-Xho1 fragment from the
pBluescriptsKII(+)-Hdc(Xba1-EcoR1)
plasmid. This was done by digesting the
pBluescriptsKII(+)--Hdc(Xba1-EcoR1)
plasmid with Xba1 and Xho1 enzymes
and purifying the resultant 1973 bp
Xba1-Xho1 pHdc fragment from an agarose gel (see "Materials and Methods").
Next, the pGreenPelican-pHdc Xho1Nco1 plasmid was digested with Xba1
and Xho1, which digested the plasmid
at the 5’ end of the pHdc region, allowing the addition of the Xba1-Xho1 pHdc
fragment, thus restoring the entire pHdc
region in the pGreenPelican plasmid (see
Figs. 1D, 4, and 5). In Figure 5, the comparison of lane 2 with lane 3 indicates
that there is extra DNA in lane 3, which
is from the pGreenPelican-pHdc(Xba1Nco1) plasmid. Lane 4 of Figure 5
demonstrates that this plasmid does
contain a Xba1-Xho1 that the pGreenPelican-pHdc(Xho1-Nco1) does not. Thus,
the pGreenPelican-pHdc(Xba1-Nco1)
plasmid contains the entire pHdc region,
while the pGreenPelican-pHdc(Xho1Nco1) contains only a part of the pHdc
region.
Discussion
We have synthesized two plasmids that
contain a fusion between the complete
(or partial) Hdc promoter and the eGFP
protein, pGreenPelican-pHdc(Xba1Nco1) and pGreenPelican-pHdc(Xho1Nco1). These two plasmids contain a
direct fusion between the Hdc promoter
and the eGFP gene. The plasmid also
conatins elements that will make it useful as a plasmid to use in transforming
Drosophila, allowing the pHdc:eGFP
transgene to be placed into the genome
of recipient flies, via standard techniques
(Rubin and Spradling, 1982; Spradling,
1986).
Once transformants are identified using either of the two plasmids contructed,
the presence of the eGFP protein can be
determined using florescence microscopy. It is anticipated that, if the pHdc
region is sufficient for Hdc expression, the eGFP protein will be directly
visualized in the same cells that normally
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express the Hdc gene. The results from
using these vectors should determined
whether the pHdc region is necessary and
sufficient to direct normal expression of
the Hdc gene. Earlier deletion analysis
using an Hdc transgene had identified
the pHDC region used as necessary for
expression (Burg and Pak, 1995), but
it is possible that there may be other
regions of the Hdc gene that could also
be required for normal expression levels.
This includes the 3’ end of the Hdc transcript or other regions of the Hdc gene,
which have been shown in other genes
to be required for regulation in some
cases (Pappu et al., 2005; Kulkarni and
Arnosti, 2005).
There are a couple features of pGreenPelican that could make for a more
consistent reporter transformation vector.
First, the Hdc promoter is directly fused
to the start codon of eGFP, just as it
would be to the HDC protein. While this
may reduce to total amount of the eGFP
protein produced, it is likely to be more
reflective of the gene expression levels
directed by the Hdc promoter. Since
there is a heat-shock promoter in the
GAL4/UAS expression system, it may
be providing too much basal promoter
activity in the pHDC-GAL4/UAS-GFP
transformants previously generated. Second, there are gypsy insulators present
on either side of the construct, which will
prevent interference from other genes
(Gdula, 1996). The presence of gypsy
insulators and the lack of temperature
dependence for expression make the
pHDC-eGFP transgene a more useful
tool in studying the regulation of Hdc
than the GAL4/UAS system.
Being able to identify living histaminergic cells should allow examination of
the physiology of histaminergic cells in a
model organism. Through this approach,
further understanding of the role that
histmaine plays in the nervous system
will likely be elucidated. Regardless of
the success of this experiment, more
information will be obtained on the regulation of the Hdc gene as a result of this
particular transformation plasmid being
generated. 
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Region(pHDC)

Partial pHdc

eGFP coding
region

Full pHdc
Region(pHDC)

eGFP coding
region

Partial Hdc Protein Coding Plasmid (pBluescript)
Region

pB luescr ipt II sK (+)
pHdc Xba1 -EcoR1
9448bp

Plasmid (pGreenPelican)

Plasmid (pGreenPelican)

F igur e 2. Plasmid map of the pBluescript II sK(+) pHDC Xba1-EcoR1 vector shown
in Figure 1.B. This is a subclone of the EcoR1-Xba1 fragment from HDC
into the vector pBluescript II sK(+). This vector was created to eliminate
unnecessary Xho1 and Nco1 restriction sites present in the HDC gene that

Figure 1. Genomic regions and plasmid maps of DNAs used. Shown are the
relationships between the various plasmids used to create the pGreenPelicanpHdc plasmids. A. Map of the Hdc genomic region that was used as a source
for cloning pHdc into the pGreenPelican vector at the eGFP location. B. Map of
the genomic Hdc clone used as a source for cloning of the specific pHdc region,
which is the Xba1-EcoR1 fragment that includes pHdc (see Fig. 1A) cloned
into pBluescriptIIsK(+) (see Fig. 2). The first region used in cloning pHdc into
pGreenPelican was the Xho1-Nco1 fragment of pHdc (see Figs. 1C and 3). The
second region cloned into pGreenPelican-pHdc(Xho1-Nco1) is the Xba1-Xho1
fragment that is furthest to the left in the map (see Figs. 1D and 4). C. Map of
the pGreen Pelican-pHdc (Xho1-Nco1) plasmid, containing the proximal portion
of pHdc (see also Fig. 3). D. Map of the pGreenPelican-pHdc(Xba1-Nco1) plasmid, containing the Xba1-Xho1 terminal fragment of the full region containing
pHdc region that was used to demonstrate full expression of Hdc (Burg and Pak,
1995; see also Fig.4.).

can be seen in Figure 1.

pG r eenPelican-pHd c
Xho1-Nco1
12,173bp

eGFP gene

Gypsy insulator

F igur e 3. A map of pGreenPelican-pHdc(Xho1-Nco1). This plasmid contains
the Xho1-Nco1 fragment of pHDC digested out of the pBluescript
subclone. This was created both because this region of pHdc has been
found to be sufficient for expression and there is another Nco1 site in
the remaining portion of the promoter upstream that would have made
an Nco1 partial digest more difficult to complete.
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10 kb
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pG r eenPelican-pHd c
Xba1 -Nco1
14,146bp

4 kb
3 kb
eGFP gene
Gypsy insulator

F igur e 4. A map pGreenPelican-pHdc(Xba1-Nco1). This plasmid

2 kb

1 kb

contains the entire pHdc region cloned into the
pGreenPelican plasmid. It contains an additional Xba1-

Figure
5. Restriction
digest analysis
of pGreenPelican-pHdc plasmids.
Lane 1:
digest
analysis
of pGreenPelican-pHdc
plasmids.
Lane 1
Promega© 1 kb DNA ladder. Lane 2: Xho1-Nco1 digest of the pGreenPelicanpHdc(Xho1-Nco1)
(Fig. 1C, Fig 3).
Note that
predicted
by the map in
DNA ladder.
Lane 2:plasmid
Xho1-Nco1
digest
ofasthe
pGreenPelican-pHd
Fig. 3, three bands were generated of the appropriate size. Lane 3: Xho1-Nco1
plasmid digest
(Fig.of 1C,
Fig 3). Note that as predicted
byFig
the
the pGreenPelican-pHDC(Xba1-Nco1)
plasmid (Fig. 1D,
4). map
Note in Fig.
that four bands were generated indicating that a larger fragment containing the
generated
of the
appropriate
size.is included
Lanein 3:
of the
complete
5’ end
of the Hdc promoter
the Xho1-Nco1
plasmid, compared digest
to
lane 2. Lane 4: Xho1-Xba1 digest of the pGreenPelican-pHdc(Xba1-Nco1)
pHDC(Xba1-Nco1)
plasmid (Fig. 1D, Fig 4). Note that 4 bands w
plasmid (Fig. 1D, Fig 4). The lower band generated contains the Hdc promoter
fragment. This plasmid will be used to transform flies.

F igur
e 5. Restriction
Xho1 fragment that is not present in the
pGreenPelicanpHdc(Xho1-Nco1) plasmid (Fig. 3).

indicating that a larger fragment containing the complete 5’ end of t

is included in the plasmid. ,compared to lane 2. Lane 4: Xho1-Xba

pGreenPelican-pHdc(Xba1-Nco1) plasmid (Fig. 1D, Fig 4). The lo

generated contains the Hdc promoter fragment. This plasmid will b
transform flies.
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